Objective: To investigate whether preterm newborns who are small for gestational age are at increased risk of nosocomial infections and necrotising enterocolitis. Design, setting and subjects: The German national surveillance system for nosocomial infection in very low birthweight infants uses the US Centers for Disease Control and Prevention criteria. 2918 newborns (24-28 weeks), born between 2000 and 2004, were selected after application of predefined inclusion criteria to ensure similar proportions of small and appropriate weight for gestational age newborns across gestational age groups. Main outcome measures: The outcome criterion was at least one episode of nosocomial sepsis, pneumonia or necrotising enterocolitis. Adjusted odds ratios and corresponding 95% CIs were calculated based on general estimating equation models. Results: The study population consisted of 13% (n = 392) small and 87% (n = 2526) appropriate weight for gestational age infants. 33% (n = 950) of the infants experienced at least one episode of sepsis: 42% (n = 163) of small and 31% (n = 787) of appropriate weight for gestational age newborns (adjusted OR 1.41, 95% CI 1.05 to 1.89). Pneumonia was diagnosed in 6% (n = 171) of infants: 8.4% (n = 33) of small and 5.5% (n = 138) of appropriate weight for gestational age newborns (adjusted OR 1.57, 95% CI 1.19 to 5.57). Necrotising enterocolitis was documented in 5.2% (n = 152) of infants: 7.1% (n = 28) of small and 4.9% of (n = 124) appropriate weight for gestational age newborns (adjusted OR 1.20, 95% confidence interval 0.75 to 1.94). Conclusions: Growth-retarded preterm infants seem to be at increased risk of nosocomial infection, irrespective of the responsible pathogen. Future immunological research should elucidate potential causal associations.
V ery low birthweight (VLBW, ,1500 g) newborns are at increased risk of morbidity and mortality. Besides their immaturity, risk profiles can vary due to a multitude of factors. Growth retardation is one factor conferring additional risk. Recent studies have consistently shown an increased mortality risk for small for gestational age (SGA) infants, [1] [2] [3] but results regarding morbidity are conflicting. [4] [5] [6] Nosocomial infection has a large impact on neonatal survival and has important cost implications, 7 8 affecting up to 40% of babies in neonatal intensive care units (NICUs). [9] [10] [11] [12] [13] Immunological immaturity (eg, poor phagocytosis or hypogammaglobinaemia), exposure to invasive procedures and prolonged hospitalisation predispose VLBW newborns to nosocomial infection. 7 14 15 However, little is known about nosocomial infection in SGA newborns. 4 11 16-19 We addressed this issue in a large, multicentre analysis to investigate the association of being SGA and being at increased risk of nosocomial infection-that is, sepsis and pneumonia. In addition, necrotising enterocolitis (NEC) was considered as an outcome criterion.
METHODS
Setting and patients NEO-KISS is a well-established national surveillance system for nosocomial infection in German NICUs. It is based on the US Centers for Disease Control and Prevention (CDC) criteria and has been adapted for this specific age group. 20 The main purpose of NEO-KISS is surveillance of infection, quality assurance and quality improvement. Participating hospitals follow a specifically designed protocol to collect data using standardised forms for all infants with birth weight ,1500 g admitted to the NICU. 21 Surveillance ends when the newborn weighs 1800 g or at discharge or death. Currently 47 NICUs are participating in the programme, and data are routinely analysed on a biannual basis. For this study, data were available for 6681 newborns born between 1 January 2000 and 31 December 2004.
We excluded infants with missing data on gestational age, birth weight, sex or multiplicity (n = 333), since these key variables were necessary to define growth status. Small for gestational age was defined as birthweight ,10th percentile; appropriate weight for gestational age (AGA) as 10-90% percentile, and large for gestational age (LGA) as .90th percentile, with reference to population-based percentiles, separately for boys and girls and for singletons and twins. 22 Twin percentiles were used for all multiple births. Next we excluded LGA newborns from the comparison group (n = 276) because they may have a different risk profile from AGA infants.
We then introduced gestational age limits to minimise bias due to over-representation of SGA newborns in cohorts defined by birth weight ,1500 g. 1 23 The expected proportions of 10% SGA, 80% AGA and 10% LGA were only observed between 24 and 28 weeks. Therefore, 2918 infants with gestational age of 24-28 weeks were included in analyses. 
Main outcome measures and variable definitions
We defined nosocomial infection and NEC on the basis of CDC criteria (boxes 1-3). 20 Nosocomial infection was counted as having occurred at least once or never. 7 10 Endotracheal tube, continuous positive airway pressure (CPAP), peripheral venous catheter (PVC), and central venous catheter (CVC) were also dichotomised (yes/no). Length of stay was the sum of days from birth/admission until reaching a weight of 1800 g, discharge or death. As the assumption of linearity did not hold, we categorised length of stay on the basis of quartiles into 0-33, 34-50, 51-67 and .67 days, and implemented these categories into models as dummy variables. Although gestational age and length of stay are correlated, we kept both because gestational age serves as a surrogate parameter for many underlying pathophysiological characteristics. Gestational age was determined by early ultrasound and recorded as completed weeks. Perinatal centres were defined on the basis of caseload (>50 VLBW admissions/year) and local adjacency of delivery unit and NICU. 24 To adjust for hospital volume, we used annual VLBW admissions, dichotomised at the median of all participating units in 2001 (,45 versus >45). Another variable distinguished between university and nonuniversity hospitals. We did not use variables with more than 20% missing values. 
Box 1 Definition of nosocomial sepsis

Statistical analyses
We conducted univariable analyses based on x 2 , Wilcoxon test and odds ratios (OR) with corresponding 95% confidence intervals. Variables significantly associated with both the exposure (being SGA) and the outcome (nosocomial infection) variable at the p = 0.25 level were included in multivariable analyses. 25 However, for face validity reasons we forced gestational age, sex and multiplicity into all multivariable models.
Since newborns from one NICU are not statistically independent due to the same treatment policies, adjusted odds ratios were estimated based on general estimating equation (GEE) models which account for this clustering effect. 26 27 We reduced the significance level in steps = 0.05 each until p = 0.10. If this multivariable model building strategy resulted in inclusion of highly correlated variables, such as CVC and PVC, we excluded the variable with lower significance to avoid over-adjustment. Models were considered valid based on the cstatistic, by analysing more complex models and including interaction terms without resulting in significant changes. 25 We used SPSS (version 12.01) and SAS (version 9.1) for all analyses. In Germany, anonymised secondary data research does not require human research committee review.
RESULTS
Application of exclusion criteria resulted in a study population of 2918 newborns (table 1) .
The Clinical Risk Index for Babies (CRIB) score could not be included into further analyses because of 38% missing values. Overall, 38.9% of infants had at least one nosocomial infection or NEC (48.7% SGA, 37.4% AGA). Similar proportions of infants in both groups had more than one episode of sepsis (25.2% SGA, 19.7% AGA; p = 0.117) or pneumonia (9.1% SGA, 6.5% AGA; p = 0.604). The percentage of nosocomial infections diagnosed only clinically and infections with documented pathogens in the SGA and AGA groups did not differ for either sepsis (documented pathogens in 49.7% and 47.9%, respectively; p = 0.731) or pneumonia (documented pathogens in 83.9% and 79.4%, respectively; p = 0.609). The types of pathogen responsible also did not differ between the groups (eg, aerobic vs anaerobic vs facultative aerobic-anaerobic; Gram-positive vs Gram-negative bacteria vs fungi vs viruses; data not shown). Table 2 shows the results of the GEE modelling process.
Sepsis
A third (n = 950, 32.6%) of infants had at least one episode of sepsis: 163 (41.6%) of SGA and 787 (31.2%) of AGA newborns. The crude odds ratio was 1.57 (95% CI 1.27 to 1.96). Besides the forced-in variables we selected mode of delivery, PVC, CVC, endotracheal tube, CPAP, perinatal centre, large NICU and length of stay as potential confounders. The multivariable modelling process resulted in an adjusted odds ratio of 1.41 (95% CI 1.05 to 1.89).
Pneumonia
Pneumonia was diagnosed in 171 (5.9%) infants: 33 (8.4%) SGA and 138 (5.5%) AGA newborns (crude OR 1.59, 95% CI 1.07 to 2.36). The multivariable modelling process included the forced-in variables and mode of delivery, PVC, CVC, endotracheal tube, CPAP, and length of stay, yielding an adjusted odds ratio of 1.57 (95% CI 1.19 to 5.57).
Necrotising enterocolitis
In all, 152 (5.2%) newborns developed NEC-28 (7.1%) SGA and 124 (4.9%) AGA (crude OR 1.49, 95% CI 0.98 to 2.28). From the univariable analysis mode of delivery, PVC, CVC, endotracheal tube, perinatal centre, large NICU, and length of stay were selected. The modelling process led to an adjusted odds ratio of 1.20 (95% CI 0.75 to 1.94).
DISCUSSION
This large multicentre analysis suggests that VLBW infants who are small for gestational age are at increased risk of nosocomial infection. To our knowledge this is the largest study of nosocomial infection in preterm growth-retarded infants, including variables such as length of hospital stay and device application. Overall 36% of infants had at least one nosocomial sepsis or pneumonia. Others have reported 19.6% for infants >24 weeks, 11 and 14.4% for all newborns admitted to NICU. 9 The proportion of infants developing nosocomial infection was larger in this study probably due to the extreme prematurity and fairly narrow gestational age limits of our study population. Bloodstream infection is the most common nosocomial infection in the NICU setting. 28 Case fatality rates range from 2% to 50%. 29 Overall in the present study, 33% of infants had at least one sepsis. This proportion is similar to those reported in some, 10 30 but not all other studies in this field. 14 31 32 We found a 41% increased risk of sepsis for SGA infants. VLBW infants were at increased risk for nosocomial infection, even after adjusting for length of NICU stay. 33 The most important risk factors for nosocomial infection in this study were gestational age (adjusted ORs 1.35-2.01) and length of stay (adjusted ORs 2.03-5.74). Both were highly correlated, but length of stay seemed to increase the risk even more than gestational age and showed a dose-response-like relationship to the risk of sepsis.
Our results with regard to pneumonia have to be interpreted with caution because of the small numbers. Chandra stated that upper and lower respiratory tract infections are three times more frequent in SGA than AGA infants but did not offer any details or pathophysiological explanations. 34 Moreover, the diagnosis may not always be valid due to imprecise diagnostic criteria and misclassification in favour of sepsis. 7 13 35 36 Therefore we additionally analysed having developed sepsis or pneumonia. The adjusted odds ratio of 1.41 (95% CI 1.09 to 1.84) confirmed our results for sepsis.
Sepsis and NEC are the most common infections in VLBW infants. 33 Moreover, NEC is the most frequent surgical emergency. 37 Immaturity, ischaemia, enteral feeding, damaged intestinal mucosa and pathogenic organisms are major risk factors. 12 38 Although NEC is not regarded as a nosocomial infection, it is included in the surveillance system because of its potentially clustered incidence. 39 The overall occurrence of 5% in the present study is lower than that reported by others. 40 We observed a slightly increased adjusted odds ratio of 1.20 (95% CI 0.75 to 1.94) for SGA newborns. Some authors have reported an increased incidence of NEC in growth-retarded infants, 6 41 with suspicion of end-organ damage in utero. 41 However, our results may be not be reliable owing to our small numbers, and further studies are required to investigate whether and how growth retardation increases susceptibility to NEC.
A striking finding was the increased adjusted odds ratio for NEC in high-volume hospitals (adjusted OR 3.14, 95% CI 1.99 to 5.17) . This may be due to larger NICUs preferentially being linked to departments of paediatric surgery; severely ill newborns will be transferred to these large perinatal centres. 12 We included relatively little information on maternal, pregnancy and perinatal variables. However, we do not consider this a major limitation since these variables may be less meaningful when analysing nosocomial (late-onset) infections. Insufficient casemix adjustment due to missing values in the CRIB score variable may have biased the results. However, we incorporated information on length of stay and device use, which are important potential confounders and have rarely been adjusted for in other studies. This information is particularly important for interpreting results based on the assumption of equal exposure probability. Documentation of device-associated infections was rather nonspecific, eg a ''device-associated infection'' was not linked to a specific infection if more than one infection occurred. There were similar proportions of SGA and AGA newborns with ''deviceassociated infections'' (p = 0.133).
What is the biological plausibility of our finding? The present study was not designed to investigate mechanisms. Hence we cannot explain the apparent association between nosocomial infection and SGA status. Although previously reported in a study from India, 17 the association may be spurious. Early studies, however, suggested possible interactions between immunological function and nutritional status, or decreased T-lymphocyte numbers in SGA newborns, and a more pronounced hypogammaglobulinaemia compared with AGA infants. 42 43 Thymic atrophy and prolonged impairment of cellmediated immunity (eg, reduced lymphocyte numbers and deranged CD4:CD8 ratios) have been found in SGA infants and animal models of intrauterine growth retardation. 18 34 In summary, preterm SGA infants seem to be at increased risk of nosocomial infection, but this is not related to a specific group of pathogens and is independent of the duration of hospital stay. Our findings should alert clinicians to this additional risk in preterm SGA infants and reinforce the focus on immunological research in growth-retarded newborns. Since there is an increased risk of mortality among SGA newborns 1 and sepsis has a major impact on survival in NICU, 44 this association should be investigated in more detail.
What this study adds
N There is an increased risk of nosocomial infection among preterm small for gestational age (SGA) infants, and growth retardation is an additional risk factor besides immaturity.
N The risk of sepsis is 40% higher in preterm SGA infants, even after adjustment for length of hospital stay.
N The risk of necrotising enterocolitis in very low birthweight infants who are small for gestational age is increased by 20%.
What is already known on this topic N Preterm infants are at increased risk of infectious diseases due to the immaturity of their immune system and prolonged hospital stay.
N Nosocomial infections are a considerable burden in healthcare, in particular, in neonatal intensive care units.
